. 2016. Using social network analysis to identify key stakeholders in agricultural biodiversity governance and related land-use decisions at regional and local level. Ecology and Society 21 (2) ABSTRACT. In 2013 the European Commission launched its new green infrastructure strategy to make another attempt to stop and possibly reverse the loss of biodiversity until 2020, by connecting habitats in the wider landscape. This means that conservation would go beyond current practices to include landscapes that are dominated by conventional agriculture, where biodiversity conservation plays a minor role at best. The green infrastructure strategy aims at bottom-up rather than top-down implementation, and suggests including local and regional stakeholders. Therefore, it is important to know which stakeholders influence land-use decisions concerning green infrastructure at the local and regional level. The research presented in this paper served to select stakeholders in preparation for a participatory scenario development process to analyze consequences of different implementation options of the European green infrastructure strategy. We used a mix of qualitative and quantitative social network analysis (SNA) methods to combine actors' attributes, especially concerning their perceived influence, with structural and relational measures. Further, our analysis provides information on institutional backgrounds and governance settings for green infrastructure and agricultural policy. The investigation started with key informant interviews at the regional level in administrative units responsible for relevant policies and procedures such as regional planners, representatives of federal ministries, and continued at the local level with farmers and other members of the community. The analysis revealed the importance of information flows and regulations but also of social pressure, considerably influencing biodiversity governance with respect to green infrastructure and biodiversity.
INTRODUCTION
In Europe, where agrarian landscapes are perceived to be cultural entities from which society expects multiple benefits, conflicts between intensive agricultural production and environmental conservation are well known (Young et al. 2005) . When users of the same resource have divergent values and conflicting interests it becomes necessary to understand the different perspectives of the actors involved to enable successful governance (Cash et al. 2006 , Primmer et al. 2014 . Therefore, policy makers have started to promote participation and the involvement of stakeholders into decision making and policy implementation (Reed 2008, Prager and Nagel 2008) . Participation has shown to benefit the legitimacy of recommendations more generally but also the social outcomes of management (Bryson 2004 , Young et al. 2013 . Recent examples are participatory approaches recommended for the green infrastructure (GI) strategy, launched by the European Commission (EC) in 2013 to foster biodiversity conservation among other goals (EC 2013a, Kettunen et al. 2014) . The strategy suggests GI implementation concerning landscapes that are dominated by conventional agriculture, where biodiversity conservation currently plays a minor role at best and emphasizes the need to involve local stakeholders to avoid conflicts and ensure prompt application (EC 2013a) . Further, it is suggested to integrate the strategy in existing policies; in the case of agricultural landscapes the EC points to the Common Agricultural Policy (CAP). This integration poses the challenge that while the GI strategy is meant to be implemented bottom up, the CAP implementation usually follows a top-down approach (Repohl et al. 2015) For a bottom-up approach, however, identifying key actors and stakeholders has been found crucial (Welp et al. 2006 , Prager and Nagel 2008 , Kok and Veldkamp 2011 , Young et al. 2013 ) and actor analysis, also often called stakeholder analysis , Prell et al. 2011 , has proven to be useful in governance contexts (Hermans 2008 , Young et al. 2013 . Although single actors are certainly important, it is essential to look at the governance network with its institutionalized relations, which develop because of shared interests in solving a problem (Newig et al. 2010) . Prell et al. (2008 Prell et al. ( , 2009 Prell et al. ( , 2011 demonstrate how knowledge gained from analyzing their social networks can be harnessed for selecting stakeholders. Similar to Reed et al. (2009 ), or Gamper et al. (2012 , Prell et al. (2011) suggest using a combination of methods e.g. to combine results from classical social network analysis (SNA) with a qualitative analysis of stakeholder knowledge to improve understanding of the relations (see also Beilin et al. 2013 , Lienert et al. 2013 , Stein et al. 2014 , Bellotti 2015 , Borg et al. 2015 .
The research conducted for this paper served to identify and select stakeholders relevant in the context of agricultural biodiversity governance and related land-use decisions at regional and local level in preparation for a participatory scenario development process to analyze consequences of different implementation options of the green infrastructure strategy (EC 2013b) . The aim of this paper is to present the results of the identification and analysis of (a) actors at regional and local levels, (b) actors from other affected policy sectors, and (c) the vertical and horizontal interplay between actors at different levels and from different policy sectors.
METHODS

General description of data collection and analysis
Based on the suggestion by Hauck et al. (2015) to use participatory network analysis to coproduce network knowledge together with stakeholders, the data collection was done using the Net-Map tool. Net-Map involves collecting network data and at the same time participants provide descriptions of network relationships. These "network narratives" provide insights into the intersubjective meanings that actors attribute to relationships (Fuhse and Mützel 2011) . The different data sets allow for triangulation between network structures and narratives (Gamper et al. 2012 ). There are many descriptions of data collection processes using the Net-Map tool (e.g., Hauck 2010 , Schiffer and Hauck 2010 , Aberman et al. 2012 , Bell et al. 2013 , Campbell et al. 2014 , Stein et al. 2014 , therefore, we only briefly describe it here.
Before the Net-Map interviews, the research question is developed. In the beginning of the interview it is explained, e.g., "Who influences XY policy development?" Then the interviewee (s) are asked to name the actors they see as influencing the issue and write them down on actor cards, e.g., Post-its®. The cards are then fixed to a large sheet of paper. In the second step of the interviews, links between actors, e.g. information flow, are recorded by drawing arrows between the actor cards. During the whole interview process, it is of utmost importance to record the narratives that are provided by the interviewees, e.g., why the networks are important or concrete examples for links between actors. To capture the perceived influence of the described actors, in the end, interviewees are asked to assess the influence of each actor on the Net-Map with reference to the issue at hand, and influence towers, made of flat round discs, are stacked proportionately beside the actor cards. This relational influence rating allows for a later comparison between the single interviews.
Some of the steps in the Net-Map interview, such as the eliciting of actors and the assessment of their relationships are similar to other SNA techniques (see, for example, Scott 2000 , Prell 2012 ). Other steps, like the building of influence towers and the visualization, are complementary (for a detailed analysis of the benefits and limitations of Net-Map please see Hauck et al. 2015) .
The analysis of the diverse data requires mixed methods. We used an approach suggested by Herz et al. (2015) , who propose a combination of structural and content analysis, by posing questions to the network visualizations and narratives. The questions serve to structure and guide the analysis and are not meant to complement the research questions: "Which actors connect actors that would have otherwise been unconnected?"; "Which influence do the actors hold?"; "Which other characteristics do the actors have?"; "What kinds of relations do prevail?" We combined the approach from Herz et al. (2015) with an approach proposed by Prell et al. (2009) , who suggest using the measure of centrality of actors. More details of the analysis are introduced in the case study context below.
The mixed methods approach in the case study context
The research presented in this paper served to select stakeholders in preparation for a spatially explicit scenario development process to explore policy implementation options. For the case study we selected a federal state in Germany, and four spatially explicit research sites in agricultural landscapes, each 400 ha large, with different amounts of existing GI structures and where complementary ecological research took place. The geography of the research sites roughly defined the network boundaries (cf. Newig et al. 2010) .
Data collection at the regional level
We ran three pretest interviews with researchers working with stakeholders in the region using the question: "Who influences biodiversity in the agricultural landscapes in this federal state?" Based on scientific literature, we selected two links beforehand: information flows and regulatory flows. We did not define the links in further detail because we aimed at extracting their meaning from the qualitative data, i.e., the examples for links between actors that are given by the interviewees. A third link, the flows of social pressure, was suggested by one of the pretesters and was included in the interview design. After the links were established we asked the interview partners to rank the influence of the actors and closed the interview by asking whether he/she had any thoughts that he/she wanted to share with us.
We identified our first interviewees with the help of researchers who had worked on biodiversity issues in the area and then followed a snowball-sampling approach. Apart from direct recommendations, we also used the Net-Maps to identify interview partners, i.e., including persons from actor groups that were mentioned repeatedly. In total we conducted 11 interviews at the regional level and 8 interviews at the local level, which took between 1-2 hours. (More information on the interview partners can be found in Appendix 1.) Data collection at the local level Preliminary results at the regional level indicated that the biggest influence on biodiversity was perceived to be exerted by farmers via land-use and management decisions. Therefore, at the local level we asked directly, who is influencing farmers' land-use and management decisions. Another reason for the change of questions was based on unpublished interviews, which revealed that (a) farmers do not necessarily know the term biodiversity or interpret the wording as related to organic farming or (b) they perceive the term as rather negative. We tested the modified question and the three links from the regional level, which worked well and therefore included the pretest interview in our analysis. We also kept the third step of the interview and asked for the influence of the actors concerning farmers' land-use and management decisions. During the interview, we did ask probing questions that were aimed at farmers' land-use decisions relevant for biodiversity and green infrastructure but formulated these rather neutral, so as not to steer the conversation into the one or the other direction (pro or contra biodiversity protection).
Data analysis
We transcribed the interviews and listed all actors mentioned on both levels. We then calculated the normalized, average influence, from the number of discs each mentioned actor received during the interview (for more details see Hauck 2010, Schiffer and Hauck 2010) , for each level separately and counted how often the respective actors were mentioned. The next step was to digitize the network data. The drawn Net-Maps were translated into a data matrix, i.e., all actors were horizontally and vertically entered into a data sheet and linked with absence/presence for the respective link. In order to have a value with which to compare the average influence, we calculated the degree and betweenness centrality of each actor from all networks but again separated by regional and local level using the SNA software Visone (Brandes and Wagner 2004) . Degree centrality is the count of an actor's ingoing and outgoing links. Betweenness centrality is the measure of how often an actor is found on the shortest path between two other actors that are otherwise disconnected (Wasserman and Faust 1994, Calvet-Mir et al. 2015) . In our analysis we focused on the following points: (a) actors who were mentioned particularly often, had a high influence, and a high centrality; (b) actors, for whom these values diverged; and (c) actors with weak values. This first quantitative analysis served as starting point to analyze the qualitative data (transcripts), by raising additional questions, guided by those formulated by Herz et al. (2015) mentioned above.
After the aggregated calculation we plotted the networks separated for the local and regional level (see Appendices 2 and 3) but also for the different networks (information, regulation, and social pressure). We looked for links that were mentioned particularly often because these were perceived by a number of interview partners. We then screened through the transcript material to analyze which information were given for these links and whether we could find a consensus or divergence about the respective social relations.
RESULTS and DISCUSSION
We conducted 11 interviews at the regional and 8 at the local level, which took between 1-2 hours. (More information on the interview partners can be found in Appendix 1.)
Actors and their influence
In total, for both the local and the regional level, 72 different actors were mentioned, with 41 in local and 61 in regional interviews. Tables 1 and 2 show the actors with their average influence, who were mentioned two times or more and the betweenness and degree centrality. Farmers were mentioned in all interviews, were rated the most important actors, and have both the highest betweenness and degree centrality. The federal state agency for agriculture and forests (FAAF) was likewise mentioned in all interviews, and was rated the second most important actor, albeit receiving only half of the influence rating compared to farmers. Its betweenness and degree centrality was also high on both levels. The third most influential group of actors at the local level were the land owners, a group that consists of private land owners, churches, and the federal republic of Germany. They were mentioned in seven of the eight local interviews. Although they were also mentioned 7 times out of 11 at the regional level, their perceived influence was rated rather low there. More than half of the interviewees at the local level stated technical journals to be important, which however did not receive much attention at the regional level.
Rather often (about half of the interviews) trade (agricultural wholesaler) was mentioned, but its influence was rated relatively low. Although not perceived to be very important, communities received high betweenness and degree centrality values at the local level. They did not play any role at the regional level.
The analysis of the actors at the regional level revealed a large number of influential actors from administrative institutions. Particularly important in terms of biodiversity at the regional level appears to be the federal state ministry for agriculture and environment (FMAE). Although it was mentioned by only three interview partners at the local level and given little influence, it was deemed important by eight interviewees at the regional level with the second highest influence score and high betweenness and Ecology and Society 21(2): 49 http://www.ecologyandsociety.org/vol21/iss2/art49/ degree centrality values (even higher than the FAAF). Almost as important at the regional level are the federal state nature conservation authority (FNCA) and the regional nature conservation authority (RNCA).
Widely differing perceptions in terms of influence and centralities can be found when looking at farmers' associations (FA) and to some extent the landscape management associations (LMA). They were mentioned by most regional interview partners and were also given greater influence. Both actors belong to a group called representatives of public interests (German: Träger öffentlicher Belange) and their influence is derived from the possibility to submit their statements, e.g., when a regional plan is updated or when regional implementation of the CAP is designed. The FA was mentioned by three local interview partners only and was perceived as not being influential at all while the LMA was not even named.
Links drawn between actors
"What kinds of relations do prevail?"
Similar to the actor characteristics, the networks were analyzed separately for the local and the regional level. All interview partners at both levels drew the information and regulation networks. At both levels some interview partners were uncomfortable drawing links for social pressure, so only four networks for each level were drawn. At the local level, only the social pressure between owners and farmers and social pressure within the group of farmers were mentioned in more than one interview. At the regional level some links of social pressure were drawn in three or four interviews, namely the ones between FA and farmers, between farmers and community, environmental NGOs and FA, environmental NGOs and FMAE (each three times), the public and farmers, owners and farmers, and environmental NGOs and farmers (each four times). Network visualizations for all links together can be found in Appendix 2 and 3.
Information flow and regulations were mentioned most as links between actors. An analysis of the qualitative data revealed that although regulations are mainly institutionalized relations like the payment of money or duties that need to be fulfilled to receive that money, some land owners hold certain values and concepts attached to land use and therefore force or push farmers toward certain practices. Information flows include mandatory exchanges, for example, between farmers and FAAF, but also cover farmers talking to other farmers about practices.
As stated in the methods section, we used the quantitative parts of the analysis to raise questions for the analysis of the qualitative material. Some of the differences in the answers between the local and regional level can of course be attributed to the alteration of the question for the local interviews. However, most of the regional interview partners also explained that the main actors influencing biodiversity are farmers because they make the final land-use and management decisions, and much can be understood when looking at who is influencing these decisions. Therefore, we attributed difference of perceived influence not simply to the different questions but tried to find explanations in the network flows and qualitative data. Based on the description of the actors' influence and the quantitative analysis of the network data, we formulated questions guiding our qualitative data analysis.
Networks of information flows, regulation, and social pressure "Why do farmers and the federal state agency for agriculture and forests (FAAF) have such high perceived influence as well as high centrality?"
The high importance of farmers can be attributed to the fact that farmers make the final land-use and management decisions that in any way affect biodiversity. Their high centrality shows that farmers are connected to many other actors. When looking at the qualitative information concerning these connections it becomes apparent that many different actors influence or try to influence farmers' decisions on biodiversity directly but also indirectly through general land-use or management decisions. Most respondents stated that the decisions are mostly influenced by the direct payments of the CAP. The payments are related to certain conditions that have to be fulfilled and farmers receive information on these from the FAAF, explaining its strong appearance in the local information network. More importantly the FAAF is responsible for paying out the money of the CAP, controlling cross-compliance adherence, and executing environmental programs. Although certainly less important concerning influence and centrality, there is a second administrative actor in the regulatory context that is influencing farmers' decisions: the RNCA, which is responsible for controlling implementation of environmental measures and reporting violations, e.g., in the context of cross-compliance or agri-environmental measures, which can lead to a reduction of CAP-payments.
Although local interviewees depicted only the FAAF as an important source of information among administrative agencies, regional interview partners linked other agencies, such as the federal state office for agriculture, forestry, and horticulture (FSOAFH), RNCA, or FNCA with farmers. However, even though information was exchanged with (some) farmers, certain important information about opportunities concerning agrienvironmental schemes had not reached the farmers we interviewed. This might be an explanation why these actors do not appear to be important at the local level. Another explanation might be that other bodies than the FAAF are not perceived as actors because they communicate with farmers through the FAAF.
Within the group of farmers social pressure takes place. As an example, interview partners reported that farmers usually closely observe the practices of each other and "tease" each other, for example when one is late with a particular task or when fields are getting "untidy." This fits quite well with an observation made by Wood et al. (2014) , that farmers' information sources are mainly other farmers, and before they try something new they want to know if fellow farmers are partaking and what their experiences are. Sutherland et al. (2012) also found that social relations among farmers plays a crucial role in adopting new farming methods and it has also been shown for the uptake of agri-environmental measures (see Lastra-Bravo et al. 2015 for examples). Two farmers explicitly emphasized that emotional conceptions and their own awareness of environmental contexts plays a major role in their land-use decisions. Contrary to findings from other authors (e.g., Lastra-Bravo et al. 2015) one farmer found his connection with the land important and perceived differences between farmers who were born in the area and those who had moved there later http://www.ecologyandsociety.org/vol21/iss2/art49/ in their lives. This last point was supported by the interviewed agricultural consultant who stated that farmers planning to hand the farm over to an heir, would farm their land more sustainably.
"Where does the difference in influence perception and centralities between the local and regional level concerning the federal state ministry of agriculture and environment (FMAE) but also other administrative agencies come from?" The FMAE is responsible for the final decision making concerning the detailed design of the measures in the context of the CAP but also for other programs, e.g., with regard to biodiversity conservation. It also, through its subordinate agencies like the FSOAFH, influences biodiversity-relevant aspects of farming like giving advice for which and how much pesticides to use. High centrality values at the regional level can be explained in this context, namely that the FMAE receives additional information and recommendations for program design from many different actors and also provides information about the programs to them. Most local interview partners were unfamiliar with these structures and hence did not consider them. Further, although the FMAE makes the decisions, the implementation (via information and regulations) and thus the experienced impact on farmers is ascribed to the FAAF, which is therefore most important for farmers.
A number of interview partners from the local level also mentioned that information from farmers concerning requirements, for example, on practicality of measures was submitted to the FMAE via the FAAF. However, farmers felt that their concerns were not taken into consideration by the FMAE. Although there could be valid reasons, e.g., that farmers' requirements would be counterproductive for biodiversity protection, decisions seem not always to be transparent or inclusive, which may be counterproductive for the adoption of measures (Prager and Nagel 2008, Ingold 2014) .
"What makes land owners and technical journals influential actors for decision making at the local level?"
Similar to findings by Steen-Adams et al. (2015) , our qualitative data revealed that when farmers pay rent to the land owners, they are bound to use the land in exactly the way defined in lease agreements. Changes in land use that would lead to a reclassification of the land, e.g., planting a hedge or converting arable into grass land, are not possible. Although what can and cannot be done with the land is fixed, crop management, e.g., how often pesticides are used or how much fertilizer is applied, is usually not part of lease agreements. However, farmers and other interviewees reported that land owners prefer to have their land kept in a "tidy" state, implying for example strict weed control. Because of high competition for land based on increasing bioenergy production and financial investments, owners have a strong position because farmers are interested in renewing their lease agreements, which usually only run for 10 years. Therefore, farmers try to maintain good relations with land owners, who in turn can use this to influence farmers' decisions.
A source of information often ignored at the regional level, relevant particularly among the interviewed farmers, were technical journals such as top agrar or Bauernzeitung. These provide information about prices of crops and supplies or weather forecasts and product reviews, important when it comes to decision making about harvesting or sowing dates or the application for certain fertilizers or pesticides but also which agrienvironmental measures are worthwhile or how to efficiently fulfill CAP requirements.
"Why do interview partners at the local level, and here farmers in particular, not attribute any influence to farmers' associations (FA), despite comparably high centralities and importance attributed at the regional level?" An interesting link at the regional level is the link between farmers and farmers' associations. Farmers pay a membership fee and expect the FA to represent their interests. This kind of relationship seems, however, not to influence farmers' decisions and one farmer reported that he sees the association more as an ambassador of the farmers toward society. Another interviewee explained that particularly at the EU level, he does not feel well represented because he has the feeling that the umbrella organization of FAs is trying to influence decision making in favor of large scale farming and traders.
"Which roles do communities play in land-use decision making?"
In the area, the community basically equals the inhabitants of the villages within which the farmers and other land users, like members of the LMA, live. These inhabitants use the landscape for recreational uses, some are land owners that lend their property out to farmers, and many are interested in a well-maintained grey infrastructure and a tidy and orderly appearance of the landscape particularly close to their homes. Farmers have certain ordinances, such as not to work late at night to avoid noise disturbance. Further, for example, they can be held responsible when they damage dirt roads with their heavy vehicles or when they plough to close to field margins or water bodies. However, sometimes violations become necessary, e.g., when in summertime, harvesting is determined by good weather and working late hours cannot be avoided. Usually, communities overlook these violations because they also depend on farmers, who often help with winter services or the maintenance of hedges. So even if there are concerns or even complaints voiced by members of the community, farmers are frequently sparred.
"Why are LMA considered influential at the regional but not at the local level?" The differences in the perceived influence between local and regional level concerning the LMAs can probably be attributed to the different questions, as well as to the fact that the farmers we interviewed were not involved and hence their decisions were not influenced by the LMA. However, the FA, interviewed for the regional level, told us that the LMA does inform farmers about breeding birds so they can spare the respective parts of the fields. The LMA also implements a number of other measures toward biodiversity conservation themselves.
CONCLUSION
The research conducted for this paper served to select stakeholders in preparation for a scenario development process to analyze consequences of implementation options of the European green infrastructure strategy (EC 2013b) with a focus on agricultural landscapes. We chose a mixed methods approach combining the analysis of quantitative and qualitative social network data, to not only identify key stakeholders but to also reveal their relationships concerning information, regulation, and social pressure.
Ecology and Society 21(2): 49 http://www.ecologyandsociety.org/vol21/iss2/art49/ Unsurprisingly, actors related to the implementation of the CAP at the regional and local level turned out to be important. Because farmers are the ultimate land-use decision makers, e.g., in choosing from a variety of types of ecological focus areas within the greening measure of the CAP (for example, between cash crops and field elements like hedge rows or flower strips), they were identified to have considerable influence on how effective these measures will work to benefit biodiversity in rural areas.
Based on our analysis we invited the identified stakeholder groups to the initial scenario development workshop. For the groups that were rather broadly defined, such as "community," we tried to identify representatives such as the mayor. Also we identified the farmers who farmed within our research sites. Although we made efforts to include different stakeholders in our workshop, particularly local actors did not join. Because our analysis, similar to Ingold (2014) , revealed the importance of the local level stakeholders, we decided to organize additional local field visits and invited farmers, community representatives, landscape management agencies, as well as local branches of the farmer associations.
The mixed methods approach was time intensive, not only because the interviews were rather long at sometimes two hours and more, but also because they yielded a wealth of data that had to be processed and analyzed. Nevertheless, we conclude that we were not only able to identify key stakeholders, but also to get a rich understanding of the different perspectives influencing or being affected by biodiversity governance. This knowledge helped us further to engage stakeholders in their preferred ways, assisted us in finding the right language to address the different stakeholder groups, and facilitated the co-production of knowledge relevant to stakeholders particularly in connecting them with each other in the research process.
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